Thermal stability, as a parameter of performance properties of motor oils, determines their service capacity range [1, 2] . This parameter is determined mainly for boundary sliding friction [3] [4] [5] [6] [7] . There is a standard for experimental determination of thermal stability [8] that involves triboengineering tests of oils on a four-ball friction testing machine. However, triboengineering tests at transport undertakings are conducted limitedly because they must be performed by triboengineering experts and require special equipment.
balls (the device was patented and made by the Oil Quality and Oil Products Laboratory of the Institute of Petroleum and Natural Gas Engineering of the Siberian Federal University); an MW-1200 electronic balance (CAS, South Kores) for measuring the weight of the vaporized oil during thermostatting for 7 hours; an Altami 1 MET optical microscope made by OOO Altami (Altami Ltd.), St. Petersburg, for measuring diameters of wear spots on the three balls [9] .
Motor oils were chosen as the objects of the study because they perform under more severe load and thermal conditions than transmission, hydraulic, and other oils. In this context, motor oils of various groups differing in performance properties and viscosity classes, such as all-season motor oil Spectrol Super Universal 15W-40 SF/CC (1), Utech navigator 15W-40 CD/CF (2), semisynthetic oils TNK 10W-40 SL/CF (3), Mobil Super 2000 10W-40 SL/CF (4), and TNK 5W-40 SL/CF (5), were studied.
The dependencies of luminous flux on motor oil thermostatting temperature are show in Fig. 1 . These dependencies have two sections with a different intensity of change in luminous flux absorption coefficient.
The first section for all studied oils is described by a linear equation, and the start of the section for different oils corresponds to different temperatures: for oils 1, 2, and 3 140°, which determines the start of the thermal degradation process; for oils 4 and 5 roughly 160°. It can be affirmed that the temperature range of the first section of the dependence K = f(T) determines the temperature range of service capacity of the studied oils, and the temperature of transition to the second section of the dependence is the limit for a specific oil. Thus, the limit service capacity temperature is 220°C for oils 1 and 2, 200°C for oil 3, 200°C for oil 4, and 180°C for oil 5.
The second section, in which the coefficient K P rises at a faster rate, corresponds to formation of thermal degradation products with a higher optical density. For each of the studied oils, these products begin to form at different thermostatting temperatures and at different rates. 
Temperature, °C
When the oils are thermostatted, not only their optical properties, but also their vaporizability change.
For determining the vaporizability of the oils being thermostatted, the vaporizability factor K G , determinable by the following formula, is proposed:
where m is the mass of the vaporized oil at the test temperature, g; M is the mass of the oil sample after thermostatting at the test temperature, g.
T Fig. 2 . It was found that the coefficient K G increases exponentially with rise of thermostatting temperature. To determine the differences in the vaporizability of the oils, let us find the value of the coefficient K G at 220°C. The vaporizability factor was 0.085 for oil 1, 0.074 for oil 2, 0.247 for oil 3, 0.065 for oil 4, and 0.078 for oil 5.
h e d e p e n d e n c e o f t h e v a p o r i z a b i l i t y f a c t o r o n t h e t h e r m o s t a t t i n g t e m p e r a t u r e i s illustrated in
Semisynthetic oil Mobil Super 2000 10W-40 SL/CF is least vaporizable and semisynthetic oil TNK 10W-40 SL/CF is most vaporizable.
Thus, it was found that both optical properties and vaporizability of motor oils change upon thermostatting, i.e., these two parameters determine the thermal stability or resistance of the oils to thermal degradation processes. Considering that the changes in optical properties and vaporizability occur concurrently during thermostatting, the resistance of the oils to thermal degradation can be determined, applying the laws of electrochemistry pertaining to parallel connection of resistances of an electrical circuit, R: Temperature, °C
Supposing that each lubricant is characterized by its resistance to thermal degradation, which can be taken as unity, we can determine the change in resistance to thermal effects R g from the expression [10]:
The dependencies of resistance of motor oils to thermal degradation on their thermostatting temperature are illustrated in Fig. 3 . For determining more thermally stable oils, it is essential to find the temperatures at which the resistance coefficient R k reaches, for example, the value 0.9. This temperature is 235°C for oil 1, 235°C for oil 2, 208°C for oil 3, 260°C for oil 4, and 245°C for oil 5. In accordance with the obtained data, mineral oils 1 and 2 are most thermally stable and synthetic oil 4 is partially thermostable.
To determine the influence of thermal degradation products on the wear resistance properties of motor oils, the latter were tested on a friction machine with the following parameters: load -13 N, slipping rate -0.68 m/sec, temperature in the oil bulk -80°C, test time -2 h. The wear resistance was determined from the arithmetic mean value of the spot diameter on the three balls. As the criterion of wear resistance properties, we proposed the coefficient P which can be determined by the correlation:
where U is the arithmetic mean value of the diameters of the wear spots on the three balls, mm.
This criterion characterizes the nominal concentration of thermal degradation products on a nominal area of friction contact. The dependencies of the criterion of wear resistance properties on the motor oil thermostatting temperature are shown in Fig. 4 . These dependencies have two sections characterized by different rates of change in criterion P. The first one determines the temperature range of service capacity of the working oils, which coincides with the range that can be determined from the coefficient K P (Fig. 1) . However, for assessing the influence of thermal degradation products on wear resistance properties of thermostatted oils, it is advisable to study the dependencies of the criterion of wear resistance properties on the luminous flux absorption coefficient (Fig. 5) .
It was found that the function P = f(K P ) is linear and is described by equation of the type:
where is a coefficient characterizing the rate of change in criterion P.
Regression equations of the functions P = f(K P ) for the studied oils have the following form: The link between wear resistance properties and thermal degradation resistance coefficient is represented by the functions P = f(R g ) (Fig. 6) , from which it is evident that wear resistance properties improve with decrease of thermal degradation resistance.
It was proved that the function P = f(R g ) is linear and regression equations for the oils are of the following type: 
R P
A l s o , a t i d e n t i c a l v a l u e o f t h e c r i t e r i o n o f w e a r r e s i s t a n c e p r o p e r t i e s , t h e r e s i s t a n c e of oils to thermal degradation differs. For instance, at P = 1 mm -1 , the resistance of mineral motor oils (curves 1 and 2) is. 0.9 and of synthetic oils TNK 10W-40 SL/CF, Mobil Super 2000 10W-40 SL/CF, and TNK 5W-40 SL/CF is 0.86, 0.93, and 0.95, respectively. Since the coefficient R g depends on the concentration of thermal degradation products in the oil, the wear resistance properties of the oils remain identical after thermostatting at different degradation product concentrations.
